Abstract
Introduction
The Siwalik belt forms the southern most foothills of the Himalaya and except for a small gap near Sikkim it extends from the Indus River in the west to the Brahmaputra River in east. The Siwalik Group is well known for its richness in vertebrate fossils and ranges from 18.3 Ma 8 [1] to 0.22 Ma [2] . In the early Miocene, a tectonic depression was formed in front of the rising Himalaya and in this depression fresh water molasse sediments were deposited. These contain terrestrial sediments, which comprise mudstones/siltstones, sandstones and conglomerates with gross lithology becoming coarser in the younger horizons.
Although the Siwalik Group is known for its richness in mammalian fauna, but comparatively scanty fossil reptile material has been described in the past since the time of Cautley [3] [4] , more detailed systematic palaeontology studies followed by Lydekker [5] - [7] . Most recent listings of fossil reptiles from the Siwalik are re-
Upper Siwalik Succession of Panchkula and Paonta Areas
East of the twin cities of Chandigarh and Panchkula, the Upper Siwalik Subgroup forms a continuous fossiliferous belt. Vertebrate collections were made from two pockets. The area east of Panchkula is richly fossiliferous, whereas the area west of Paonta is scanty fossiliferous area. The various details are discussed below.
Upper Siwalik Succession, East of Panchkula Area
This area forms the type area for the Pinjor Formation and the township of Pinjore (Pinjor or Pinjaur) lies about 6 km from Panchkula. Sahni and Khan [15] recognized for the first time the pre-Pinjor beds (they called these as belonging to "Tatrot Stage") from the area immediately east of Chandigarh. However, these beds were referred to as the Dhamala Formation [16] [17] . As the type area of the Tatrot Formation lies 400 km west of this place, Nanda [18] [19] referred these to the pre-Pinjor beds till future consensus for the nomenclature of these beds. However, these rocks were further described as Saketi Formation in the Saketi area of Himachal Pradesh [20] . Thus, there remains confusion in the nomenclature to be applied. Near Saketi village a full succession of these beds is well exposed, so these (pre-Pinjor beds) may be referred as Saketi Formation [20] - [22] . However, till general acceptance of the nomenclature, pre-Pinjor beds convey the stratigraphic position of the beds within the Upper Siwalik Subgroup. These pre-Pinjor beds (=Saketi Formation, =Tatrot Formation, =Dhamala Formation), the basal beds of the Upper Siwalik succession, were included by earlier authors in the Pinjor formation, although the Tatrot fossils were known to them but lacking their exact locations [23] [24] . Initially, these beds were distinguished on the basis of lithology and mammalian fauna [15] . The Upper Siwalik succession in this belt may be divided into three formations, representing the pre-Pinjor, the Pinjor and the Boulder Conglomerate beds. Both pre-Pinjor and Pinjor beds are richly fossiliferous.
Lithologically, it is easier to separate the pre-Pinjor beds from the Pinjor beds. Pre-Pinjor beds are dominated by bright grey and variegated mudstones as those of the overlying Pinjor Formation are characterized by dull pink and red mudstones. The lithology along with characteristic fossils are given in Table 1 . A more detailed faunal list based on in situ collection of the last five decades is presented in Table 2 . The Siwalik biostratigraphy is based on mammalian fossils so far. The Pinjor beds contain about 57 mammalian marker taxa whereas pre-Pinjor beds show only 31 mammalian marker taxa. To these mammalian records now the reptile taxa can be mentioned for this contemporary vertebrate coenosis. These reptile taxa, being described here, are also included in Table 2 . A geological map of the area showing localities yielding reptile material is given in Figure 2 . The base of the pre-Pinjor beds at Saketi area was dated as 3.15 Ma [17] , 5.26 Ma in nearby Haripur area [25] , whereas the Tatrot\Pinjor contact (i.e. the top of the Saketi beds) coincides with the Gauss-Matuyama break i.e. at 2.48 Ma (later placed at 2.58 Ma [26] . The base of the Boulder Conglomerate is found to be time transgressive and ranges from 0.63 Ma to 1.79 Ma in the area lying east of Chandigarh-Panchkula [27] .
Upper Siwalik Succession of Haripur Area, West of Paonta
The second thrust area from which new reptile material was collected lies in the vicinity of Haripur village, west of Yamuna River. A geological map of the area is provided as Figure 3 . This area lies in strike continuation of Description: The fragmented part of a right premaxillary and maxillary is preserved. A deep incision between premaxillary and maxillary is obvious. The dorsal surface is highly pitted. A part of the premaxillary-maxillary is distinct on its ventral surface. Three alveolies for the premaxillary teeth and seven alveolies for the maxillary teeth are distinctly present; the 5 th maxillary tooth is the largest in this series. The alveolies are rounded in shape. The position of premaxillary teeth suggests that there should be five teeth in the row with the 4 th being the largest. A tooth fragment is present with the 5 th premaxillary tooth. The interdental pits are distinct and are rounded in shape. The interdental distances range between 2 -6 mm. The maximum length of the fossil specimen is about 16 cm and the maximum width at the level of the 5 th maxillary teeth measures 6.5 cm. ranges between 4 -10 mm. Palatine fenestrae are oval in shape; the anterio-posterior diameter of the fenestrae is approximately 9.6 cm. The space between the two supratemporal fenestrae measures approximately 4 cm. The inter-orbital space and the space between the two supratemporal fenestrae is highly pitted. The anterior margin of the ectopterygoid reaches up to the last maxillary teeth. The posterior margin of the ectopterygoid reaches almost two-third the length of the pterygoid. The suture between the pterygoid and the palatine and between the ectopterygoid and pterygoid is distinct. The anterio-posterior length of the pterygoid is approximately 7.7 cm.
Systematic Palaeontology
Material, locality and horizon: WIF/A 459, part of upper cranium (Plate 4); About 2.5 km northeast of Rampur Village (Ambala), Pinjor Formation.
Description: An upper part of cranium is fossilized. The supratemporal fenestrae are well preserved; they are rounded in shape and have a diameter of approximately 4.2 cm; however, the right fenestra is incomplete. Prefrontals are also preserved; the anterior part of the prefrontals is broken. A large basioccipital is distinctly seen. The space between the two supratemporal fenestrae measures approximately 2.3 cm. A foramen magnum is also distinct. The orbits are not preserved but inner margins of orbits and frontal are preserved. The width of the frontal between the two orbits is approximately 7.2 cm. The anterio-posterior length of the post-orbital is approximately 3.1 cm. A small posterior part of the palatine is exposed. Description: The shell is large, its outline is oval and broken anteriorly as well as posteriorly. The shell is highly elevated and arched. The scute seams and bony sutures are completely reduced on the specimen which indicates that the specimen is a fully grown if not even an individually adult old specimen. The laterals are steeply inclined but the marginals are upturned and are nearly horizontal. This is a characteristic feature not seen in the living Batagur baska. The seam between the marginals is indistinct. Central or lateral keels are absent. As neither shield impressions nor bony sutures are preserved, just the big size and general shape with the absence of keels might be indicative for its generic determination. The specimen is larger than the living Batagur; its straight carapace length is about 93 cm, the width is about 50 cm and straight height is about 42 cm.
Geoclemys hamiltonii (Gray, 1831) (Plate 7 & Plate 8) Material, locality and horizon: WIF/A 452, shell with partly broken carapace and partial plastron fragment (Plate 7); 2.25 km northeast of Haripur Village (Sirmur), pre-Pinjor beds (=Tatrot Formation).
Description: The preserved part of the carapace exposes following horny shields and according bony plates: cervical, centrals 1-4, laterals 1-4, marginal 1-9, nuchal, neurals 1-6, pleurals 1-6 and peripherals 1-8. The shell is convex; the interrupted central and lateral keels are greatly developed. The cervical is small. The 1 st central is narrow anteriorly and broadest posteriorly and is nearly bell shaped. The 2 nd central is longer than the 1 st and is almost as broad as long. It is sub-hexagonal in shape. The 3 rd central is hexagonal in shape and is as broad as long; it is almost equal to the size of the 2 nd central. The 4 th central is almost as long as the 3 rd . It is also of hexagonal shape. The nuchal is narrower anteriorly and wider posteriorly; the 1 st neural is quadrolateral in shape. The 2 nd -6 th neurals are hexagonal and are generally broader than long. The neurals are short-sided anteriorly. The pleurals are generally in the shape of an elongated pentagon; the proximal width of alternate pleurals is narrower than their width. The straight carapace length is about 43 cm and its width is about 29 cm at a straight height of about 16 cm. Only a very small portion of the plastron is preserved comprising of both almost complete femorals and a part of the left abdominal shield. The median seam is straight and clearly marked. Due to erosion a large portion of the plastron is lacking. Description: The shell is convex, with only one interrupted central keel. The preserved parts of the carapace include following shields and plates: Cervical, centrals 1-5, laterals 1-4, marginals 1-9, neurals 1-7, pleurals 1-6 and peripherals 1-9. The cervical is short; the centrals are either as broad as long or slightly broader than long. The 1 st central is very small in comparison to the following centrals. The 1 st lateral is rectangular and small. The marginals are also generally rectangular in shape. The nuchal is hexagonal in shape. The 1 st neural is rectangular in shape and is longer than broad. The 2 nd -7 th neurals are either as broad as long or slightly longer than broad; the neurals are short-sided anteriorly. The posterior neurals after the 6 th are not seen due to erosion. The pleurals are generally pentagonal in shape. The peripherals 2 -8 are nearly rectangular in shape. The peripheral 6 is larger than the neighboring peripherals. The straight carapace length is approximately 32 cm, its width is approximately 25 cm and the straight height is approximately 17.5 cm. The preserved parts of the almost complete plastron include the anteriorly broken entoplastron, the suture between the right epiplastra and hyoplastra, hyoplastron, hypoplastra, xiphiplastra and as shield imprints the anteriorly incomplete humerals, pectorals, abdominals, femorals and posteriorly incomplete anals. A median suture is clearly distinct. The humero-pectoral seam lies posterior to the entoplastron. The epiplastron has a straight anterior margin. The maximum length of the plastron is 28 cm and the maximum width is approximately 17 cm.
Palaeoecological Implications
For the existence of both crocodile taxa (Gavialis, Crocodylus) together with that of the giant Thoracosaur, Rhamphosuchus and big sized emydid turtle one must demand at least similar or even fully tropical conditions than nowadays prevail [30] . Thus, a tropical rainy or monsoon climate must already have existed for PlioPleistocene time. The presence of various species of turtles and crocodiles in the Siwalik suggests an open fresh water environment [13] [31] . The presence of large vertebrate fauna and flora reported so far from the Upper Siwalik [31] demands the presence of an open forested grassland with perennial rivers and swamps providing appropriate feeding conditions for crocodiles [12] . The presence of associated riverine shore areas ranging from pebbly sediments, sand banks and grass banks is the most suitable for many batagurines feeding e.g., on many molluscs, crabs, grass, algae and weeds [14] . These data coincide with palaeoenvironmental conditions drawn from the geological and sedimentological studies [12] . The reptilian fauna is indicative of bank or near bank community having co-existed with the mammalian fauna. The presence of Stegodon, Elephas and Hexaprotodon (fossil hippo) also supports the palaeoecological conditions deducted from the presence of these reptiles.
